Abstract
Introduction
Nowadays, the better understanding of the potential of fractional calculus and the increasing number of studies related to the applications of fractional order controllers in many areas of science and engineering have led to the importance of studying aspects such as the analysis, design, tuning and implementation of these controllers. Fractional order calculus is an area of mathematics that deals with derivatives and integrals from non-integer orders. In other tools, it is a generalization of the traditional calculus that leads to similar concepts and tools, but with a much wider applicability.
In theory, the control systems can include both the fractional order dynamic system or plant to be controlled and the fractional-order controller. However, in control practice, more common is to consider the fractional order controller. This is due to the fact that the plant model may have already been obtained as an integer order model in classical sense. In most cases, our objective is to apply the fractional order control (FOC) to enhance the system control performance.
In this paper, basic ideas of fractional order PID controllers are presented first. Additionally, design of FOPID controllers is presented via different approaches including Ziegler-Nichols tuning rules, and the Padula & Visioli method. According to the characteristic of main steam controlled object such as large inertia and delay, a fractional PID controller is designed by using the Ziegler-Nichols type tuning rules. Rely on the Oustaloup approximation, we have considered Vehicle wire control system. Finally, conclusions are drawn in part 4. D μ controller [4] , involving an integrator of order λ and a differentiator of order μ where λ and μ can be any real numbers. The transfer function of such a controller has the following form
where the E(s) is an error, and U(s) is controller's output. The control signal u(t) can then be expressed in the time domain as
Clearly, selecting λ = 1 and μ = 1, a classical PID controller can be recovered. Using λ = 1, μ = 0, and λ = 0, μ = 1, respectively, corresponds to the conventional PI & PD controllers. All these classical types of PID controllers are special cases of the PI λ D μ controller given by (1). It can be expected that the PI [4] . This is due to the two extra degrees of freedom to better adjust the dynamical properties of a fractional order control system. It is pointed out in [5] that a band-limit implementation of fractional order controller is important in practice, and the finite dimensional approximation of the fractional order controller should be done in a proper range of frequencies of practical interest. Tuning by minimization is a tuning method for fractional PIDs [6] , in with we begin by devising a desirable behavior for our controller system, described by five specifications:
The Tuning Rules of
1) The gain-crossover frequency is to have some specified value :
2) The phase margin is have some specified value:
3) To reject high-frequency noise, the closed loop transfer function must have a small magnitude at high frequencies , its magnitude is to be less than some specified gain H: 
4) To reject output disturbances and closely follow references, the sensitivity function must have a small magnitude at low frequencies; hence, at some specified frequency ,its magnitude is to be less than some specified gain L:
5) To be robust when gain variations of the plant occur, the phase of the open-loop transfer function is to be (at least roughly) constant around the gain-crossover frequency:
Then the five parameters of the fractional PID are to be found using the Nelder-Mead direct search simplex minimization method. This derivative-free method is used to minimize the difference between the desired performance achieved by the controller.
Example
The optimal FOPD model (fit it with a fixed model structure known as first-order plus delay) is given as follows: Selecting λ= 0.8968 and μ=0.4773, the fractional order PID controller can be designed by the proposed method in this paper. Thus, using our tuning algorithm in the paper, one can have Kp =0.6152, Ki =0.0100, and Kd =4.3867. The fractional order PID controller is then designed as
The step response of the closed-loop system is illustrated in Figure 1 . The Bode plots of the open-loop system are shown in Figure 2 . As can be observed, specifications of gain crossover frequency and phase margin are met. Besides, the phase of the system is forced to be flat at and hence to be almost constant within an interval around . The fractional PID tuning by minimisation have five conditions. To satisfy them all numerical optimisation algorithms may be used. This is effective, howere allows local minima to be obtained. In practice most solutions found with this optimisation method are well enough, but they strongly depend on initial estimates of the parameters provided. Some may be discarded because they are unfeasible or lead to unstable loops, but in many cases it is possible to find more than one acceptable fractional PID; in others, only well-chosen initial estimates of the parameters allow finding a solution. 
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For fractional order simulation, usually use the approximation of high order system to replace, Oustaloup approximation algorithm is the most commonly used method. Based on the approximation algorithm, fractional-order of higher order integral system can be directly calculated. Because of the limitations of Oustaloup algorithm itself, should be chosen.
The simulation system structure diagram was shown in Figure 3 μ fractional order control system that can track signal more accurately and the effect is more ideal. The Oustaloup approximation has the superiority. However the quality of the this approximation method may not be satisfied in high and low frequency bands near the fitting frequency bounds. From the frequency characteristic of fractional order Figure 6 , the Bode plot of the fractional order controllers with λ=0.25, 0.5, 0.75, μ=0. 5 . The Figure 7 shows the Bode plot of the fractional order controllers with μ=0.25, 0.5, 0.75, λ=0.5
. In general control system of the low-frequency and the highfrequency, the characteristics of phase frequency and amplitude frequency are affected by λ and μ. Fractional order controllers have two more factors than the traditional integer order PID controller, and make the design more flexible, this makes the fractional order controller can better apply in the steam pressure model. 
The Padula & Visioli Tuning Rules
A new set of tuning rules are presented for FOPID controllers by Padula & Visioli [7, 8] .
Based on FOPDT models, the tuning rules have been devised in order to minimise the integrated absolute error with a constraint on the maximum sensitivity. We consider the unityfeedback control. In case an unstable process is considered, the process is assumed to have a UFOPDT dynamics as one given by (13).
The process dynamics can be conveniently characterized by the normalized dead time and define d as
which represents a measure of difficulty in controlling the process.
The FOPID controller is defined as
where Kp is the proportional gain, Ti is the integral time constant, Td is the derivative time constant, λ and μ are the non-integer orders of the integral and derivative terms respectively.
The parameter N is chosen as N=10T (μ-1) . The performance index is integrated absolute error which is defined as follows
Obviously, the higher value of M s yields the less robustness against uncertainties. If only the load disturbance rejection task is addressed, we have 
for the ideal form.
Examples:
The transfer function   
Conclusion
In this paper some of the well-known tuning methods of FOPID controllers are presented and several examples are illustrated, verifying the effectiveness of the methods are given. The optimization methods, Ziegler-Nichols tuning rules and the Padula&Visioli methods were introduced. Based on these methods, we have considered the steam pressure model and the Vehicle wire control system. From these results, the potential of the fractional order controllers in practical industrial settings, regarding performance and robustness aspects, is clear. However, the design method proposed here involves complex equations relating the specifications of design and, sometimes, it may be difficult to find a solution to the problem. For this reason, the purpose now is to simplify the design method so that the controller can be tuned very easily, with very simple relations among its parameters, and preserving the robustness characteristics regarding performance, gain variations and noise.
